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(57) Abstract: An electroluminescent device having an anode and a cathode, one of which is transparent, and one or more organic 
layers between said anode and said cathode, at least one of said organic layers comprising an organic electroluminescent material, 
wherein at least one of said organic layers comprises a polymeric material having repeat units of Formula (1): wherein: Y 1 represents, 
independently if in different repeat units, N, P, S, As and/or Se, preferably N; Ar 1 and Ar 2 are aromatic groups and Ar 3 is present 
only if Y l is N, P, or As in which case it too is an aromatic group; wherein Ar 1 and Ar 2 are the same or different and represent, 
independently if in different repeat units, a multivalent (preferably bivalent) aromatic group (preferably mononuclear but optionally 
polynuclear) optionally substituted by at least one optionally substituted C i .40 carbyl -derived groups and/or at least one other optional 
substituent; and Ar 3 represents, independently if in different repeat units, a mono or multivalent (preferably bivalent) aromatic group 
(preferably mononuclear but optionally polynuclear) optionally substituted by at least one optionally substituted C 1.40 carbyl -derived 
group and/or at least one other optional substituent, and wherein the average number, m, of said repeat units in the polymer is at least 
(35). 
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ELECTRONIC DEVICES 



Field of the Invention 

The present invention concerns improvements in and relating to electroluminescent 
5 (EL) devices such as Organic Light Emitting Diodes (OLEDs). 

Background of the Invention 

OLEDs are optoelectronic devices being developed for use in flat panel displays as 
alternatives to existing technologies such as the cathode ray tube and liquid crystal displays. 
OLEDs have the potential to offer numerous advantages including being lightweight and non- 
10 bulky, low powered, wide viewing angled, applicable to large display areas and cheaper to 
manufacture. 

An OLED device comprises an organic electroluminescent (EL) layer located 
between two electrodes. At least one of the electrodes is transparent to allow transmission of 
light from the EL layer. In operation, when a voltage is applied across the device via the 

15 electrodes, holes are injected into one side of the EL layer from one electrode (the anode) 
and electrons are injected into the other side from the other electrode (the cathode). The 
holes and electrons move through the EL layer in opposite directions under the applied 
voltage until they meet and recombine to form an excited state which subsequently decays 
with the emission of light. 

20 Holes should effectively transfer from the anode into the highest occupied molecular 

orbital (HOMO) energy level of the EL layer. Similarly, electrons should effectively transfer 
from the cathode into the lowest unoccupied molecular orbital (LUMO) energy level of the EL 
layer. Unfortunately, the workfunction of the anode often differs from the HOMO level of the 
EL layer. The same problem also exists between the cathode and the LUMO level of the EL 

25 layer. In practice, since the relevant electronic energy levels of the anode and cathode are 
often not ideally matched to the highest occupied molecular orbital (HOMO) and lowest 
unoccupied molecular orbital (LUMO) respectively of the organic EL material, it is usual to 
modify the basic OLED structure to improve energy level matching and thus improve hole 
and/or electron injection efficiency. A extensively employed method is to use between the 

30 EL layer and the anode and/or cathode respectively an additional organic layer. These 
additional layers are commonly referred to as a hole injection layer (HIL) and an electron 
injection layer (EIL). The HIL and/or EIL improve matching of the energy levels, thus 
improving efficiency of the device. In addition, the HIL and EIL may serve other purposes 
such as electron blocking and hole blocking respectively (i.e. the HIL or EiL are each one 

35 type /one direction carrier transport materials). It has become typical to employ as HIL on the 
anode a layer of a conducting organic material, such as polyaniline (PAni) or 
polyethylenedioxythiophene (PEDOT). 

It is not uncommon to find devices employing one or more further organic layers 
between the HIL and/or EIL respectively and the EL layer to achieve even further enhanced 
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matching of energy levels and thus still higher operating efficiency. The further organic layers 
between the HIL or EIL and the EL layer are termed hole transport layers (HTLs) and 
electron transport layers (ETLs) respectively to differentiate them from the HIL or EIL which 
directly contact the anode or cathode respectively. Such terminology is used herein. A prior 
5 art device structure is shown schematically in Figure 1. 

Despite the above developments in EL devices which has occurred over recent 
years, in many aspects there still remains a need for improvement. The present invention is 
concerned with improvements relating to organic layers in EL devices particularly, but not 
exclusively, in HILs and HTLs. 

10 In connection with HILs and HTLs, examples of areas where performance could be 

improved include high efficiency, low drive voltage, transparency, coatability, chemical 
stability and lifetime. Moreover, present device structures consisting of multiple HIL and 
HTLs make manufacture complex and costly. It would be desirable to achieve similar or 
improved performance using a single layer in place of the present multiple layers. 

15 Objects of the invention include reducing or overcoming one or more of the above 

problems of the prior art. Further objects of the invention will be apparent from the following 
description. 

The invention is based on the finding that certain polyarylamines, in particular 
polytriarylamines, can offer significant advantages when used in organic layers in EL 
20 devices. 

Prior Art 

The use of arylamine compounds as HTLs for OLEDs has been disclosed in EP 0 
721 935 (Idemitsu Kosan), but polymers of arylamines are not disclosed. Film forming using 
these small molecule arylamine HTLs is not always satisfactory. Typically, vapour deposition 

25 is used for these types of molecules, but such a process is very sensitive to substrate 
temperature and deposition rate in order to ensure amorphous structure. In addition, the 
relatively low glass transition temperature (Tg) of small molecule arylamine HTLs leads to 
instability. Large (e.g. starburst) arylamines (see for example) WO 98/02018 have been 
developed, partially resolving the issue of Tg, but still require complicated vapour deposition 

30 process. Also, such molecules have inferior hole mobility. 

The use of polyarylamine materials as HILs or HTLs for OLEDs has been disclosed 
by Dow Chemical Company, see for instance US 5,728,801, EP 0 827 366 and WO 
99/54943. However, the hole mobility and general film forming properties of these particular 
polyarylamine materials, as well as the general efficiency of devices made therefrom, could 

35 be improved upon. 

In another Dow patent, US 6,309,763, there are disclosed EL devices in which 
copolymers of fluorene and arylamine are used in one of the layers. It is also disclosed that 
the copolymer may be mixed with another polymer which can be an arylamine copolymer. 
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The use of the polyfluorene/arylamine copolymers is in hole transport layers, EL layers, or 
the blending of different copolymers may achieve transport and luminescent functions in a 
single layer. However, the document does not suggest the use of 100% arylamine layers. 

In general, the prior art uses of polyarylamines fail to solve important issues of device 
5 quality, in particular, lifetime and luminescence efficiency. 

Statement of the Invention 

According to the present invention there is provided an electroluminescent device 
having an anode, a cathode and one or more organic layers between said anode and said 
cathode, at least one of said organic layers comprising an organic electroluminescent 
10 material, wherein at least one of said organic layers comprises a polymeric material having 
repeat units of Formula 1: 

Formula 1: 



15 wherein: 

Y 1 represents, independently if in different repeat units, N, P, S, As and/or Se, 
preferably N ; 

Ar 1 and Ar 2 are aromatic groups and Ar 3 is present only if Y 1 is N, P, or As in which 
case it too is an aromatic group; wherein Ar 1 and Ai^are the same or different and represent, 

20 independently if in different repeat units, a multivalent (preferably bivalent) aromatic group 
(preferably mononuclear but optionally polynuclear) optionally substituted by at least one 
optionally substituted C n _4o carbyl-derived groups and/or at least one other optional 
substituent; and Ar 3 represents, independently if in different repeat units, a mono or 
multivalent (preferably bivalent) aromatic group (preferably mononuclear but optionally 

25 polynuclear) optionally substituted by at least one optionally substituted C^o carbyl-derived 
group and/or at least one other optional substituent; 

and wherein the average number, m, of said repeat units in the polymer is at least 35, 
preferably at least 40. 

In use, when a voltage is applied between the anode and the cathode, holes are 

30 injected into the layer adjacent the anode and electrons are injected into the layer adjacent 
the cathode, whereby light is emitted from the at least one layer comprising the 
electroluminescent material. 
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Detailed Description of the Invention 

The EL device is preferably an OLED. At least one of the anode or cathode is 
transparent By the term organic layer is meant a layer comprising an organic material. 

The device may comprise only one organic layer in which case the organic layer 
5 comprising the polymeric material of the invention is the same layer as the layer comprising 
the EL material. Typically, the device comprises two or more organic layers, wherein the 
organic layer comprising the polymeric material of the invention is different to the layer 
comprising the EL material. The at least one organic layer comprising the polymeric material 
has been found to be excellent for forming a hole injection layer (HIL) and/or hole transport 
10 layer (HTL), i.e. separate from the EL layer and located between the EL layer and the anode. 

The arrow extending from Ar 3 in Formula 1 is intended to indicate that the group may 
be monovalent or multivalent, if the group is monovalent the arrow denotes a bond to a 
suitable terminal group such as hydrogen or another substituent which is inert to coupling 
under the conditions of polymerisation (e.g. alky! or aryl). If the group is multivalent (e.g. 
15 bivalent) the arrow denotes a bond to another repeat unit (i.e. the polymer chain is branched 
and/or cross-linked). 

The polymer may have any chain terminating groups, for example, any leaving 
groups used in a polymerisation process by which the polymer is made, or end capping 
groups. 

20 Preferably, the polymer consists essentially of repeat units which have the Formula 1. 

WO 99/32537 is a patent application of the applicants which describes polymers 
which have repeat units of Formula 1 and methods for their production. In that patent 
application, polymers of this general type are prepared by the addition of an end capping 
reagent to control the molecular weight of the final polymer and hence its desirable 

25 properties as a charge transport material. As in WO 99/32537, in the present invention, 
optionally, at least one terminal group is attached in the polymer to the Ar 1 , Ar 2 and optionally 
Ar 3 groups located at the end of the polymer chains, so as to cap the polymer chains and 
prevent further polymer growth, and at least one terminal group is derived from at least one 
end capping reagent used in the polymerisation to form said polymeric material to control the 

30 molecular weight thereof. However, the disclosure of WO 99/32537 teaches that lower 
molecular weight polymers (lower m values) are preferred. Specifically, in that document, m 
values of more than 31 were described as being poor in performance for charge transport 
layers (see experiment 5 and figure 2 thereof). 

WO 00/78843 is another patent application of the applicant which describes polymers 

35 which have repeat units of Formula 1. In that patent application, the polymer is prepared by 
isolating a molecular weight fraction from a starting polymeric material which has repeat units 
of Formula 1. As with WO 99/32537, the lower molecular weight polymers (lower m values) 
were exemplified as being the best. 
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In contrast to the prior art, the present invention has been made in light of the 
surprising finding that polymeric materials comprising repeat units of Formula 1 having an 
average number of repeat units, m, of at least 35, preferably at least 40, have better 
performance in OLEDs. 

5 Examples of preferred polytriarylamines according to the invention are given by 

formulae 2 and 3: 




Formula 2 Formula 3 

10 

The number of repeat units of Formula 1 which may be present per polymer molecule 
in the invention (and which can also be denoted by the integer 'n' herein) may be from 2 to 
20,000, preferably, 3 to 10,000, more preferably 4 to 5,000, still more preferably, 5 to 500 
and most preferably 6 to 100. However, the average number, m, of said repeat units in the 

15 polymer is at least 35, preferably at least 40. 

The polymeric material with Formula 1 is preferably ring substituted (i.e. substituted 
on one or more of the Ar\ Ar 2 and optionally Ar 3 groups) by at least one optionally 
substituted linear, branched or cyclic carbyl-derived group comprising six or more carbon 
atoms, i.e. C 6 or higher, preferably an optionally substituted hydrocarbyl, most preferably 

20 alkyl or alkoxy, group C 6 or higher. The groups Ar 1 , Ar 2 and Ar 3 independently are preferably 
substituted by the at least one optionally substituted linear, branched or cyclic carbyl-derived 
group, C 6 or higher, preferably an optionally substituted alkyl or alkoxy group C 6 or higher. 
This substitution has surprisingly been found to enhance film formation. For example, the 
material can readily form thick films, which, moreover, are stable and have a long lifetime. 

25 The polymeric material of the invention (i.e. with Formula 1) is preferably 

polydisperse. Preferably, Mw/Mn is less than 20, more preferably less than 10. Preferably the 
polydispersity is from 1.1 to 5. More preferably, the polydispersity is from 1.1 to 3. 

Advantageously, the polymeric material of the present invention exhibits the following 
properties: high carrier mobility, compatibility with binders, improved solubility, high durability 

30 and/or high resistivity undoped. The polymeric material is highly effective for use in EL 
devices. It has superior film forming properties, particularly when both the value of m is at 
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least 35 and the polymers are substituted with one or more optionally substituted linear, 
branched or cyclic carbyl-derived groups (preferably alkyl or aikoxy), C 6 or longer. 

The polymeric material of the invention may be used either as a pure polymeric 
material, or as an admixture of the polymeric material with one or more other polymeric or 
5 monomeric materials having different electrical and/or physical properties. 

Advantageously, the polymeric material may be easily and cheaply deposited on the 
device since the material is solution coatable, i.e. it may be readily deposited from solution. 
' Preferably, the polymeric material is applied by a solution coating technique. Preferably, the 
material is laid down in a film form. The material may be laid down in a film form, which can 

10 be optionally patterned or structured, by a variety of coating or printing techniques including, 
but not limited to, dip coating, roller coating, reverse roll coating, bar coating, spin coating, 
gravure coating, lithographic coating (including photolithographic processes), ink jet coating 
(including continuous and drop-on-demand, and fired by piezo or thermal processes), screen 
coating, spray coating and web coating. 

15 In fabrication of a device according to the invention, other than a so-called "top- 

emission device" described separately below, the layer comprising the polymeric material of 
the invention may be solution coated onto the anode or onto a separate HIL provided by 
known means on the anode, followed by deposition of subsequent layers, including the EL 
layer, by solution coating or by conventional vapour deposition. 

20 According to another aspect of the invention, there is provided a method of forming 

the electroluminescent device, which method comprises depositing from a solution the layer 
comprising the polymeric material. Optionally, the method further comprises depositing at 
least one other layer, e.g. the EL layer, by vapour deposition or deposition from solution. 

As mentioned above, the polymeric material of the present invention has both 

25 excellent film forming ability and high mobility. Preferably, the material is applied at high 
thickness, preferably greater than 40 nm, more preferably greater than 60 nm, still more 
preferably greater than 100 nm, and most preferably greater than 200 nm, and preferably up 
to 500 nm, whilst still achieving high yield. Such thick layers have been found to provide 
numerous advantages, for example, enhanced device lifetime, reproducibility, yield and 

30 luminescence. Without being bound by any theory, it is believed that such thick layers 
improve the device yield by making the structure less sensitive to substrate defects. The 
thick layer yields particular improvement when the layer is coated directly onto an indium tin 
oxide (ITO) anode as it is believed that it helps to eliminate the roughness of ITO better than 
conventional injection layers such as PAni or PEDOT. It has been found that thick layers 

35 formed by the polymeric material of the invention improve device lifetime. Again, without 
being bound by any theory, it is believed that this is also due to reducing the effects of 
surface defects. In particular, the thick layer may reduce shorting effects and local spots at 
the electrode, thereby increasing the lifetime of the EL layer. The material has been found to 
be particularly useful in this regard for blue emitting EL materials. 
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The polymeric material preferably has a hole mobility greater than 10' 3 cm 2 V" 1 s~ 1 , 
which is an enabling factor in the fabrication of such thick layers. The high mobility of the 
polymeric material used in the present invention also enables the drive voltage to be kept 
relatively low for high luminescent efficiencies. The high hole mobility of the polymeric 
5 material of the invention means that the potential drop across the layer comprising the 
material can be very small. Conventional PAni or PEDOT injection layers have low 
conductivity to avoid "crosstalk" between neighbouring pixels in display devices. However, a 
thick layer of the polymeric material of the invention can effectively perform this function due 
to its unipolar nature. 

10 The polymeric material of the invention advantageously also enables a high quality 

ohmic interface between the material and the anode, e.g., an ITO anode. This in turn yields 
improvements in device lifetime since non-ohmic contact is thought in part to be responsible 
for hot spots due to localised build up of electric field at the anode resulting in break down of 
the adjacent injection layer. It has not previously been easy to find appropriate hole transport 

15 materials that allow for an ohmic contact. It has previously been tried to employ doped 
transport layers. However, this such doping is difficult to implement in a real manufacturing 
process and attractive lifetime has not yet been demonstrated. 

ITO is a highly preferred anode material due to its transparency, high conductivity and 
availability on glass or polymer substrates. ITO has a workfunction between 4.8-5 eV. In a 

20 preferred embodiment, the polymeric material has an ionisation potential close to this value, 
for example 4.8-5.2 eV. Thus, holes can be injected into the organic layer comprising the 
polymeric material unhindered. 

Conventionally, materials such as PAni or PEDOT are used for the role of the HIL. A 
separate HTL is typically employed between the PAni or PEDOT layer and the EL layer. We 

25 have found that the polymeric material of the invention can effectively perform both the 
injection function of the PAni or PEDOT and the role of the separate HTL due to its matching 
ionisation potential and excellent surface levelling ability when coated in a thick layer, e,g. 
from a solution. Thus, in one advantageous embodiment, the invention provides a HIL 
comprising the polymeric material, i.e. without need for, e.g., PAni or PEDOT. In a further 

30 advantageous embodiment, the invention provides an EL device in which there is only one 
organic layer between the anode and the (organic) EL layer as shown in Figure 2. This single 
organic layer (HIL) comprising the polymeric material between the anode and the EL layer 
greatly simplifies the device and processing thereof compared with the prior art device 
structure shown in Figure 1. In addition, there is no loss of efficiency; indeed, efficiency in 

35 many cases is improved. This solves the problem in the prior art of needing multiple organic 
layers (HIL, HTLs etc.). 

It will be appreciated that other embodiments may exist wherein, if desired, the 
polymeric material of the invention may be used with a separate HIL, e.g. comprising PAni or 
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PEDOT, whilst still providing benefits. Thus, in another embodiment, the invention provides a 
HTL comprising the polymeric material. 

In another embodiment, there may be a HIL comprising the polymeric material of the 
invention and, in addition, one or more HTL(s) comprising the polymeric material of the 
5 invention, the polymeric material in each of the HIL and HTL(s) being independently 
optimised in terms of its ionisation potential, e.g., for matching to the anode and EL layer 
respectively. 

A composition comprising a blend of two or more different polymeric materials 
according to the invention may be used. 

10 The polymeric material of the invention, when used in place of certain conventional 

EL device materials, e.g. PAni or PEDOT, can yield improvements in transparency and 
colour rendition; especially with blue emitting EL devices. This is due to the polymeric 
material being substantially transparent or "white". The polymeric material is also 
substantially, preferably totally, amorphous, in contrast to a conventional material such as 

15 PAni. 

It has been found that the polymeric material of the invention is better at blocking 
electrons than conventional materials, e.g. PAni or PEDOT, thus leading to improvements in 
device efficiency. 

The polymeric material of the invention has been found to be more chemically stable 
20 than conventional HIL material such as PAni or PEDOT. Conventional PAni and PEDOT 
materials for example are acid doped and possess counter-ions which, with time, migrate 
into adjacent layers and cause a deterioration in device performance. The polymeric 
material of the invention, however, does not need counter-ions, thus eliminating the problem. 
This is particularly advantageously for triple emitting devices 
25 The polymeric materials of the invention have a relatively "high glass transition 

temperature (T g ), which leads to improved stability. 

The polymeric material may be used in conjunction with a binder resin to further 
improve film formation and/or adjust viscosity for improving solution coatability. The binder 
may also be optionally crosslinked for improved stack integrity of layers as described in more 
30 detail below. A- binder is preferred for an EL device wherein all of the organic layers are 
solution coated. 

Preferred binders are electrical insulators. Preferred binders include, without 
limitation, at least one of polyamide, polyurethane, polyether, polyester, epoxy resin, 
polyketone, polycarbonate, polysulphone, vinyl polymer (for example polyvinylketone and/or 
35 polyvinylbutyral), polystyrene, polyacrylamide, copolymers thereof (such as aromatic 
copolymeric polycarbonate polyesters) and/or mixtures thereof. 

Those binders disclosed in the patent application WO 99/32537 of the applicant, 
particularly at pages 24 and 25 of that application as published, are useful for the present 
invention and that disclosure is incorporated herein by reference. In addition, those binders 
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claimed in and described in the patent application WO 02/45184 of the applicant, particularly 
at pages 3, 4, 8-11 of that application as published, including those listed in Tables 1 and 2 
therein, are useful for the present invention and that disclosure is also incorporated herein by 
reference 

5 To improve stack integrity between the layer comprising the polymeric material and 

adjacent layers, the layer comprising the polymeric material optionally may be crosslinked. 
The crosslinking may be achieved by crosslinking of the polymeric material, e.g. by means of 
a crosslinkable functionality in the polymer, and/or by crosslinking of the binder resin where 
present, for example as disclosed in WO 02/45184. 

10 Advantageously, the polymeric material of the invention provides routes to novel 

device structures by enabling depositing of the transparent electrode on top of an OLED 
stack for a 'top emission device 1 preferred in some active matrix display configurations for 
increased luminance and resolution. It is very desirable for the deposition of the transparent 
top electrode to use fast processes such as sputtering. For example for depositing ITO. 

15 However, these processes are likely to damage the vulnerable active organic layers due to 
the high kinetic energy of the particles deposited. A thick hole transport layer for example, 
formed by the polymeric material of the invention, provides protection and thus allows for a 
robust and commercially viable manufacturing process (high yield) without affecting the 
device performance (efficiency, driving voltage, lifetime). 

20 The definitions of various terms used herein will now be explained. 

In any of the polymeric formulae given herein, the polymer may have any terminal or 
end capping groups, including hydrogen. 

When in the formulae herein there is a list of labels (e.g. Ar\ Ar and Ar 3 ) or indices 
(e.g. 'n') which are said to represent a list of groups or numerical values, and these are said 

25 to be "independent in each case" this indicates each label and/or index can represent any of 
those groups listed independently from each other, independently within each repeat unit, 
independently within each Formula and/or independently on each group which is substituted 
as appropriate. Thus, in each of these instances, many different groups might be 
represented by a single label (e.g. Ar 1 ). 

30 The terms 'optional substituent' and/or 'optionally substituted' as used herein (unless 

followed by a list of other substituents) signifies, for example, at least one of the following 
groups (or substitution by these groups): sulpho, sulphonyl, formyl, amino, imino, nitrilo, 
mercapto, cyano, nitro, halo, C^alkyl, C^alkoxy, hydroxy and/or combinations thereof. 
These optional groups may comprise all chemically possible combinations in the same group 

35 and/or a plurality (preferably two) of the aforementioned groups (e.g. amino and sulphonyl if 
directly attached to each other represent a sulphamoyl radical). Preferred optional 
substituents comprise: any of d^alkyl, methoxy and/or ethoxy (any of these optionally 
substituted by at least one halo); and/or amino (optionally substituted by at least one methyl 
and/or ethyl); and/or halo. The term ^halo' as used herein signifies fluoro, chloro, bromo and 
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iodo. The term 'carbyl-derived' as used herein denotes any monovalent or multivalent 
organic radical moiety which comprises at least one carbon atom either without any non- 
carbon atoms (e.g. -C=C-), or optionally combined with at least one other non-carbon atom 
(e.g. alkoxy, carbonyl etc.). The non-carbon atom(s) may comprise any elements other than 
5 carbon (including any chemically possible mixtures or combinations thereof) that together 
with carbon can comprise an organic radical moiety. Preferably the non-carbon atom is 
selected from at feast one hydrogen and/or heteroatom, more preferably from at least one: 
hydrogen, phosphorus, halo, nitrogen, oxygen and/or sulphur, most preferably from at least 
one hydrogen, nitrogen, oxygen and/or sulphur. Carbyl-derived groups include all chemically 

10 possible combinations in the same group of a plurality (preferably two) of the aforementioned 
carbon and/or non-carbon atom containing moieties (e.g. alkoxy and carbonyl if directly 
attached to each other represent an alkoxycarbonyl radical). 

The term 'hydrocarbyl' as used herein denotes any radical moiety which comprises at 
least one hydrogen atom and at least one carbon atom. A hydrocarbyl group may however 

15 be optionally substituted. Preferably, 'hydrocarbyl' groups comprise at least one of the 
following carbon containing moieties: alkyl, alkoxy, alkanoyl, carboxy, carbonyl, formyl and/or 
combinations thereof; optionally in combination with at least one of the following heteroatom 
containing moieties: oxy, thio, sulphinyl, sulphonyl, amino, imino, nitrilo and/or combinations 
thereof. More preferred hydrocarbyl groups comprise at least one: alkyl and/or alkoxy 

20 (optionally substituted with at least one halo). 

The term 'alkyl' as used herein may be readily replaced, where appropriate, by terms 
denoting a different degree of saturation and/or valence e.g. moieties that comprise double 
bonds, triple bonds, and/or aromatic moieties (e.g. alkenyl, alkynyl and/or aryl) as well as 
multivalent species attached to two or more substituents (such as alkyiene). 

25 Unless the context clearly indicates otherwise, a group herein which comprises a 

chain of three or more atoms signifies a group in which the chain wholly or in part may be 
linear, branched and/or form a ring (including spiro and/or fused rings). 

Unless the context clearly indicates otherwise, as used herein plural forms of the 
terms herein are to be construed as including the singular form and vice versa. 

30 Throughout the description and claims of this specification, the words "comprise" and 

"contain" and variations of the words, for example "comprising" and "comprises", mean 
"including but not limited to", and are not intended to (and do not) exclude other. components. 

It will be appreciated that variations to the foregoing embodiments of the invention 
can be made while still falling within the scope of the invention. Each feature disclosed in 

35 this specification, unless stated otherwise, may be replaced by alternative features serving 
the same, equivalent or similar purpose. Thus, unless stated otherwise, each feature 
disclosed is one example only of a generic series of equivalent or similar features. 

All of the features disclosed in this specification may be combined in any 
combination, except combinations where at least some of such features and/or steps are 
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mutually exclusive. In particular, the preferred features of the invention are applicable to all 
aspects of the invention and may be used in any combination. Likewise, features described 
in non-essential combinations may be used separately (not in combination). 

It will be appreciated that many of the features described above, particularly of the 
5 preferred embodiments, are inventive in their own right and not just as part of an 
embodiment of the present invention. Independent protection may be sought for these 
features in addition to or alternative to any invention presently claimed. 



10 
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12 
CLAIMS 

1 . An electroluminescent device having an anode and a cathode, one 
of which is transparent, and one or more organic layers between said anode and said 
cathode, at least one of said organic layers comprising an organic electroluminescent 
material, wherein at least one of said organic layers comprises a polymeric material 
having repeat units of Formula 1: 

Formula 1: 

Ar!^ ^Ar- — 

Y 

Ar 3 



wherein: 

Y 1 represents, independently if in different repeat units, N, P, S, As and/or Se, 
preferably N ; 

Ar 1 and Ar 2 are aromatic groups and Ar 3 is present only if Y 1 is N, P, or As in which 
case it too is an aromatic group; wherein Ar 1 and Ar are the same or different and 
represent, independently if in different repeat units, a multivalent (preferably bivalent) 
aromatic group (preferably mononuclear but optionally polynuclear) optionally 
substituted by at least one optionally substituted d^ 0 carbyl-derived groups and/or at 
least one other optional substituent; and Ar 3 represents, independently if in different 
repeat units, a mono or multivalent (preferably bivalent) aromatic group (preferably 
mononuclear but optionally polynuclear) optionally substituted by at least one 
optionally substituted d^ 0 carbyl-derived group and/or at least one other optional 
substituent, and wherein the average number, m, of said repeat units in the polymer 
is at least 35 

2. An electroluminescent device as claimed in claim 1 

wherein the average number, m, of said repeat units in the polymer is at least 40. 

3. An electroluminescent device as claimed in claim 1 or 2 wherein the polymeric 
material is ring substituted by at least one optionally substituted linear, branched or cyclic 
carbyl-derived group, which is C 6 or higher, 
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4. An electroluminescent device as claimed in claim 3 wherein the at least one 
optionally substituted linear, branched or cyclic carbyl-derived group comprises an alkyl 
or alkoxy group. 

5. An electroluminescent device as claimed in any one of the preceding claims 
wherein the polymeric material is polydisperse. 

6. An electroluminescent device as claimed in any one of the preceding claims ■ 
wherein the device comprises only one organic layer such that the organic layer 
comprising the polymeric material is the same layer as the layer comprising the 
electroluminescent material. 

7. An electroluminescent device as claimed in any one of claims 1 to 5 wherein the 
device comprises two or more organic layers, the at least one organic layer comprising 
the polymeric material being separate from the at least one organic layer comprising the 
electroluminescent material and being located between the layer comprising the 
electroluminescent material and the anode. 

8. An electroluminescent device as claimed in any one of the preceding claims 
wherein the polymeric material is used as an admixture of the polymeric material with one 
or more other polymeric or monomeric materials having different electrical and/or 
physical properties. 

9. An electroluminescent device as claimed in claim 8 wherein the admixture 
comprises a blend of two or more of the polymeric materials claimed in claim 1. 

10. An electroluminescent device as claimed in any one of the preceding claims 
wherein the polymeric material has been deposited from solution. 

11. An electroluminescent device as claimed in any one of the preceding claims 
wherein the polymeric material has been applied by a coating or printing technique 
selected from the following group: dip coating, roller coating, reverse roll coating, bar 
coating, spin coating, gravure coating, lithographic coating (including photolithographic 
processes), ink jet coating (including continuous and drop-on-demand, and fired by piezo 
or thermal processes), screen coating, spray coating and web coating. 

12. An electroluminescent device as claimed in any one of the preceding claims 
wherein the thickness of the layer comprising the polymeric material is greater than 
40 nm. 
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13. An electroluminescent device as claimed in claim 12 wherein the thickness of the 
layer comprising the polymeric material is greater than 60 nm. 

14. An electroluminescent device as claimed in claim 13 wherein the thickness of the 
layer comprising the polymeric material is greater than 100 nm. 

15. An electroluminescent device as claimed in claim 14 wherein the thickness of the 
layer comprising the polymeric material is greater than 200 nm. 

16. An electroluminescent device as claimed in any one of claims 12 to 15 wherein 
the thickness of the layer comprising the polymeric material is up to 500 nm. 

17. An electroluminescent device as claimed in any one of the preceding claims 
wherein the polymeric material has a hole mobility greater than 10~ 3 cm 2 V" 1 s" 1 . 

18. An electroluminescent device as claimed in any one of the preceding claims 
wherein the polymeric material forms an ohmic interface with the anode. 

1 9. An electroluminescent device as claimed in any one of the preceding claims 
wherein the anode comprises an oxide of indium and tin (ITO) 

20. An electroluminescent device as claimed in claim 19 wherein the polymeric 
material has an ionisation potential in the range 4.8 - 5.2 eV. 

21 . An electroluminescent device as claimed in any one of the preceding claims 
wherein the layer comprising the polymeric material is in direct contact with the anode. 

22. An electroluminescent device as claimed in claim 21 wherein the layer comprising 
the polymeric material is the only organic layer between the anode and the layer 
comprising the electroluminescent material. 

23. An electroluminescent device as claimed in any one of the preceding claims 
wherein the polymeric material is mixed in a binder resin. 

24. An electroluminescent device as claimed in any one of the preceding claims 
wherein the binder resin is selected from the group: polyamide, polyurethane, polyether, 
polyester, epoxy resin, polyketone, polycarbonate, polysulphone, vinyl polymer, 
polystyrene, polyacryiamide, copolymers thereof and/or mixtures thereof. 
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25. An electroluminescent device as claimed in any one of the preceding claims 
wherein the layer comprising the polymeric material is crosslinked. 

5 26. An electroluminescent device as claimed in claim 25 wherein the layer is 

crosslinked by crosslinking of the polymeric material and/or by crosslinking of the binder 
resin. 

27. An electroluminescent device as claimed in any one of the preceding claims 
10 wherein the electroluminescent material, in use, emits blue light 

28. An electroluminescent device as claimed in any one of the preceding claims 
which is a top emission device wherein the transparent electrode is deposited after the 
layer comprising the polymeric material. 

15 

29. A method of forming an electroluminescent device as claimed in any one of the 
preceding claims comprising depositing from a solution the layer comprising the 
polymeric material. 

20 30. A method of forming an electroluminescent device as claimed in claim 29 further 

comprising depositing at least one other layer by vapour deposition. 
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ABSTRACT 



An electroluminescent device having an anode and a cathode, one of which is 
transparent, and one or more organic layers between said anode and said cathode, at 
least one of said organic layers comprising an organic electroluminescent material, 
wherein at least one of said organic layers comprises a polymeric material having repeat 
units of Formula 1: 



wherein: 

Y 1 represents, independently if in different repeat units, N, P, S, As and/or Se, preferably 
N; 

Ar 1 and Ar 2 are aromatic groups and Ar 3 is present only if Y 1 is N, P, or As in which case 
it too is an aromatic group; wherein Ar 1 and Ar^are the same or different and represent, 
independently if in different repeat units, a multivalent (preferably bivalent) aromatic 
group (preferably mononuclear but optionally polynuclear) optionally substituted by at 
least one optionally substituted d_4o carbyl-derived groups and/or at least one other 
optional substituent; and Ar 3 represents, independently if in different repeat units, a 
mono or multivalent (preferably bivalent) aromatic group (preferably mononuclear but 
optionally polynuclear) optionally substituted by at least one optionally substituted Ci^o 
carbyl-derived group and/or at least one other optional substituent, and wherein the 
average number, m, of said repeat units in the polymer is at least 35. 



Formula 1: 
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